The experiments were conducted for passages with smooth surfaces and with 45 degree trips adjacent X to airfoil surfaces for the radial portion of the serpentine passages.
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At a typit_l flow condition, the heat transfer on the leading 0 surfaces for flow outward in the first passage with smooth walls was twice as much for the model at 45 degrees compared to the Ap/p model at 0 degrees. However, the differences for the other Subscripts:
passages and with trips were less. In addition, the effects of b buoyancy and Coriolis forces on heat transfer in the rotating f passage were decreased with the model at 45 degrees, compared i to the results at 0 degrees. The heat transfer in the turn regions and immediately downstream of the turns in the second passage w with flow inward and in the third passage with flow outward was Superscripts:
also a function of model orientation with differences as large as 40 to 50 percent occurring between the model orientations with forward flow and rearward flow of coolant. was to acquire and correlate benchmark-quality heat transfer data for a multi-pass, cx_olant passage under conditions similar to those experienced in the blades of advanced aircraft gas turbines.
A ca_mprehensive test matrix was formulated, encompassing the range of Reynolds numbers, rotation numbers, and density ratios expected in mtxlern gas turbine engines.
The results presented in this paper were obtained during the first and third phase of a three phase program directed at studying the effects of rotation on a multi-pass model with smooth and rough wall configurations. The first phase utilized the smooth wall configuration. Initial results for outward flow in the first passage were previously presented by Wagner, et al. (1991a) . The effects of flow direction and buoyancy with smooth walls were presented by Wagner, et al. (1991b) . The second phase utilized a configuration with normal trips on the leading and trailing surfaces of the straight passages and were presented by Wagner, et al. (1991c) .
Results from the third phase had skewed surface rouglmess elements oriented at 45 degrees to the flow direction, Johnson et al. [1992] . Only a cursory discussion of the effects of rotating the plane of the serpentine passages was included in one previous paper.
The present work is focused on the effects of the orientation of the plane of model passages on heat transfer in rotating.
near-radial coolant passages. The results in this paper will be related to previous results from the NASA HOST/UTC experiments and to design consideration for the internal cooling passages at the leading or trailing regions of rotating blades.
MODEL
Sketches of two multiple-pass coolant passage configurations for turbine blades (Han et al. [ 1986] and Johnson et al. [1992] ) are shown in Fig. 1 . In the Fig. la expected to be affected by the change in the direction of model rotation, the flow and heat transfer in the turn regions (l_x_catk)ns E. F. J and K of Fig. 3 ) and the regions immediately downstream of the turns (Ix)cations G and L of Fig. 3 ) will be affected to some degree.
The smooth wall and skewed trip heat transfer models employed in the study were those described by V_agner et al.
[1991] and Johnson et al. [1992] . respectively. Coolant passages superimposed Upon UTRC LSRR Turbine Blade (Dring et. al. [1981] ).
x.. Fig. 3 . Each test surface section (64" total for each model) was machined from a copper bar, was heated with an individually cxmtrolled and metered power supply, and had two thermocouples installed. The test surfaces were thermally isolated from each other with 0.064 in. rigid fiberglass strips. The test section streamwise identification, A through R (Fig. 3) and the wall and test section wall identification (Fig. 2b) will be used to identify the location of each heat transfer test section.
Note that the heat transfer results from each copper test section segment are the average values over the identified test region.
The experimental procedures and uncertainties for the models with smooth walls and with skewed trips are the same as described by and Johnson et al. [1992] .
RESULTS

Baseline Flow Conditions
A set of parametric experiments were conducted with the models described in Wagner et al. [1991a1, Wagner et al. [1991c and Johnson et al. [1992] . The rotating baseline flow condition for all three models included a Reynolds number of 25,000, a rotation number of 0.24, a density ratio of 0.13, a geometric ratio (l_/d) of 52 and a model orientation, _, of 0 degrees. In our previous experiments, the use of a heat transfer ratio, Nu/Nuoo, showed excellent cx_rrelation of the Reynolds number effects for Re = 25,000 and higher.
Consequently, most of the previous parametric studies were conducted with Re = 25,000 and focused (du_ to chamfered corners), for this study. The rotation number and the inlet density ratio were varied and the effects of flow direction were observed.
Comparisons for ¢x --0 and 45 Degrees
A comparison of the heat transfer ratios for the smooth and skewed trip models and o_ = 0 and + 45 degrees (Fig. 4) shows the differences for the two model orientations.
For the smooth wall_model, the largest differences occur in first leg where the flow patterns are governed by Coriolis and buoyancy forces and less by the secondary flow from the turn regions. Note that for the leading segment defined for o_ = 0 as "adjacent to the turbine blade airfoil suction surface", the minimum heat transfer ratio increased from 0.42 to 0.9 a factor of two. When the o_ = 0 side wall (Side B; Htr 19-32) is rotated and becomes a cx_-Ieading surface (Fig. 4b) , the heat transfer ratio decreases from 1.5 to 0.8, a factor of almost two. For the smooth wall model, the effects of 
Effects of Model OHentation and Rotation Direction for Smooth Wall Model
Experiments were conducted with the smooth w-all model at 0t = 0 and 45 degrees to determine the model symmetry and the effects of the serpentine model orientation (Fig. 2) . As expected, the differences in the heat transfer ( 
Effects of Rotation Number
The effects of rotation on heat transfer from the surfaces which would be adjacent to the leading and trailing surfaces of the airfoil for oe ,-45 are presented in Fig. 6 . For the smooth wall model (Figs. 6a & b) , the largest effects occur on the high pressure side of the _olant passage, i.e. trailing side for flow outward in the first and third legs and leading surface with flow inward in the second passage.
For the skewed trip model (Figs. 6c & d) 
Effects of Rotation and Inlet Density Ratio
The heat transfer ratio from the nominal leading and trailing downstream heat transfer surfaces are shown in Fig. 8 • Variations of 20 to 50 percent in the heat transfer ratio were noted due to cz = 45 or 0 or to +_ or -_ orientations downstream of the turns before the flow became developed
• The effect of model orientation has little effect in the secx)nd leg where flow is inward. 
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